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ABSTRACT

Fresh mushrooms are an ideal medium for microbial growth because they have high moisture
content and a neutral pH. Mushrooms are hand-harvested and exposed to ambient conditions until
commercialised in many cases. These characteristics limit their post-harvest shelf life to a few
days. Unlike other fresh products, the studies on the microbiological profile of fresh mushrooms
are limited. In public, Lactarius species are known as "¢intar, melki, kanlica, termite, menne spe-
cifically used in Tiirkiye. These mushrooms usually grow naturally during the autumn. They are
collected by locals and sold in public markets and along the roadside. In this study, the microbio-
logical quality of wild edible Lactarius species sold in local marketplaces in the province of Mugla
was determined. The results are in the ranges 6.10-8.83 log CFU/g for total mesophilic aerobic
bacteria, <1.00-5.57 log CFU/g for lactic acid bacteria, 3.10-7.76 log CFU/g for total yeast, <1.00-
3.93 log CFU/g for total mould, <1.00-4.74 log CFU/g for Staphylococcus aureus, <0.30-5.07 log
MPN/g for total coliform and <0.30-5.07 log MPN/g for faecal coliform. The samples' pH and
titratable acidity values were 6.82-7.54 and 0.005-0.020%, respectively.
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Introduction

Macrofungi are used as food as well as medicine in many
countries. Macrofungi can be an essential food source for the
rapidly increasing world population (Diilger et al., 1999). Be-
sides having a role as food, macrofungi are also a source of
income. They are collected, consumed and sold in over 85
countries (Boa, 2004).

Macrofungi can be divided into three groups: edible, inedible
and poisonous. Edible mushrooms are collected from nature
by people. People have learned which mushrooms are edible
from their ancestors or by asking each other (Karasiley-
manoglu, 2014).

Tiirkiye has a rich edible mushroom flora due to its phytoge-
ographic location. The richness of the mushrooms, which
usually appear in spring and autumn, is undoubtedly due to
the suitability of ecological conditions. Although Tiirkiye is
rich in edible mushroom species, our people do not know
enough about them. It is reported that only 3-5 mushroom
species are recognised and consumed as food by the local
people (Karasiileymanoglu, 2014; Altuntas et al., 2016; Cinar
Yilmaz and Isiloglu, 2016). Some mushroom species, which
are well known and eaten in some regions of our country, are
not known in other regions and are sometimes considered
poisonous. Many types of mushrooms are exported from Tiir-
kiye as fresh, chilled, frozen, in brine or dried. Lactarius de-
liciosus (L.) Gray, Craterellus cornucopioides (L.) Pers, Am-
anita caesarea (Scop.) Pers, Hydnum repandum L., and Can-
tharellus cibarius Fr. are some exported species (Erdogan et
al., 2017). Lactarius species are known as c¢intar, melki,
kanlica, and termit consumed in many regions of Tiirkiye
(Adanacioglu et al., 2017). They have a very high market
share. They are known as "Citar" in the Mugla region and
are consumed by the locals. These mushrooms usually grow
naturally in autumn and are common in pine and oak forests.
Local people are collecting these mushrooms and sell them in
public markets in Tiirkiye (All1 et al., 2006; Peksen et al.,
2007; Yilmaz and Bengii, 2018; Alli, 2022).

Mushrooms are distributed worldwide, and their consump-
tion has increased in recent years due to their nutritional value
and organoleptic attributes (Ergontl et al., 2018; Avci and
Avci, 2019). Mushrooms are characterised as valuable nutri-
ents due to their content of fatty acids, vitamins, fibres, car-
bohydrates, proteins and minerals (Y1lmaz and Bengii, 2018).
Because of these nutritional contents, mushrooms are essen-
tial to consumers. Other factors such as free sugars, free
amino acids, organic acids, flavour 5'-nucleotides, and vola-
tile flavour compounds significantly affect taste and flavour.
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For these reasons, mushrooms have been a popular food in-
gredient and flavour for centuries. Today, several cultivated
mushroom types can be found easily in the markets. How-
ever, wild mushrooms are preferred by consumers for their
unique flavour, even if it is difficult to collect them (Xu et al.,
2019).

Although it varies according to the place of growth and the
type of mushroom, on average, 90% of the mushroom is wa-
ter, 16-85% of dry weight is carbohydrates, 0.2-8.7% is li-
pids, 14-44% is proteins, 1-29% is ash. The amount of protein
contained in mushrooms, which is classified as the most im-
portant protein source in developing world countries, is
higher than most vegetables (Karasiileymanoglu, 2014;
Yilmaz and Bengii, 2018).

From a nutritional point of view, fresh mushrooms have high
water content and neutral pH values. So microorganisms can
quickly grow and thereby decrease the shelf life of fresh
mushrooms to a few days. Similarly, the way of harvesting,
handling and storage can affect microbiological growth. Ul-
timately, quality parameters like texture, colour, etc. are af-
fected. These factors promote the growth of microorganisms,
which leads to quality degradation and spoilage of fresh
mushrooms (Chikthimmah and Beelman, 2006; Ergoniil et
al., 2018).

To our knowledge, limited scientific information is reported
on the microbiological properties of wild edible mushrooms.
This study aimed to assess the microbial hygienic quality of
fresh wild edible mushrooms sold in Mugla province and
evaluate the results in the context of public health. This data
can contribute to evaluating the microbiological qualities of
fresh mushrooms as highly appreciated food.

Materials and Methods

Materials

Fresh wild edible mushroom samples were used as test mate-
rial in this study. Samples were purchased from ten different
sellers in the Fethiye region of Mugla/Tiirkiye local market.
All the samples were transferred to the laboratory in an ice-
box within the original packages. The local people don’t wash
these fresh mushrooms with tap water before cooking. So, the
wild edible mushrooms weren’t washed to represent the con-
sumer habit in this study. The samples were analysed a few
hours after purchasing, and all analyses were performed in
two replications with two parallels. This study analysed
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twenty samples to detect some physicochemical and microbi-
ological properties.

Methods
Physicochemical Analyses

Mushroom samples were tested for pH and titratable acidity
(anhydrous citric acid, %) to detect the physicochemical
properties. These analyses were used to support the results of
microbiological values.

Titratable Acidity (TA): A 10 g sample was weighed and
mixed with 100 mL distilled water for homogenisation. Then,
it was filtered with Whatman No. 4. 25 mL of filtered samples
were taken into Erlenmeyer and phenolphthalein (Tekkim,
TK.930094.00102, Tiirkiye) was added as an indicator. This
filtrate was titrated with 0.01N sodium hydroxide (NaOH,
Tekkim, TK.170511.01002, Tiirkiye). Accordingly, titratable
acidity was calculated as anhydrous citric acid % (AOAC,
1995).

pH: pH meter (Mettler Toledo, Five easy plus FP20, China)
was calibrated with two buffer solutions (pH:4.01, Mettler
Toledo, 51302069, Switzerland; pH:7, Mettler Toledo,
51302047, Switzerland) before reading. Then, the pH meter
detected the pH values of homogenised samples as described
for titratable acidity (AOAC, 1995).

Microbiological Analyses

The microbiological analyses were designed to determine the
microbiological quality of mushroom samples. A 25 g sample
was weighed into the stomacher bag and then homogenised
with 225 mL peptone water (0.1%) (Oxoid, LP0037, UK) by
a stomacher (Isolab, 608.01.002 Germany) for 3 min. Deci-
mal dilutions were prepared (1:10) with sterile peptone water
for the enumeration of total mesophilic aerobic bacteria
(TMAB), lactic acid bacteria (LAB), total yeast, total mould,
Staphylococcus aureus, total coliform, and faecal coliform.
In addition, the presence of Escherichia coli was investigated
in all samples.

Total Count of Mesophilic Aerobic Bacteria (TMAB): Nutri-
ent agar (NA, Biolife, 4018102, Italia) was used as a medium.
The aliquots of 0.1 mL dilution were transferred into Petri
dishes, and the spread plate method was performed. The Petri
dishes were incubated at 30°C (Daihan Scientific, Thermo-
Stable 1G-105, Korea) for 2448 h (FDA-BAM online,
2020a).

Enumeration of Yeasts and Molds: Serially diluted samples
were surface plated on Potato Dextrose Agar (PDA, Biolife,
4019352, Italia). After the autoclave, PDA was aseptically
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acidified with 10% tartaric acid (Carlo Erba, 41127, France).
The Petri dishes were incubated at 25 °C for 5 days (FDA-
BAM online, 2017).

Enumeration of Lactic Acid Bacteria (LAB): The viable cell
number of lactic acid bacteria was performed on de Man,
Rogosa and Sharpe Agar (MRSA, Biolife, 401728S2, Italia)
at 30°C for 24-48 h (ISO 15214, 1998).

Enumeration of Staphylococcus aureus: Baird Parker Agar
(BPA, Biolife, 4011162, Italia) was used. After autoclave,
50% egg yolk (Merck, 1.03784.0001, UK) was added into the
cooling medium at 50 °C. 3.5% tellurite (Aldrich, P0677-
25@G, Japan) was sterilised by a membrane filter and put in the
medium. The Petri dishes were incubated at 37 °C for 24-48
hours (FDA-BAM online, 2019).

Enumeration of Total Coliform and Faecal Coliform, Detec-
tion of E. coli: Total coliform and faecal coliform were de-
tected by the most probable number (MPN) technique. 1 mL
of aliquots of serial dilution were inoculated into three tubes
containing Lauryl Sulphate Tryptose Broth (LSTB, Merck,
1.10266.0500, Germany). LSTB tubes were incubated at 37
°C for 24-48 h. After incubation of gas positive tubes were
determined. A loopful of suspension from each gassing LSTB
tube was transferred to Brilliant Green Bile Broth (BGLB,
Merck, 1.05454.0500, Germany) and Escherichia coli Broth
(ECB, Biolife, 4014252, Italia). BGBB and ECB were incu-
bated at 37 °C for 2448 h and 45 °C for 2448 h, respec-
tively. Then, BGBB and ECB tubes were controlled for gas
production. Confirmed coliform and faecal coliform were in-
dicated in BGBB and ECB medium. The detection of E. coli
was examined on Eosin Methylene Blue Agar (EMBA,
Merck, 1.01347.0500, Germany) from the gas-positive ECB
tubes. Typical colonies were confirmed by IMViC tests
(FDA-BAM online, 2020b).

Statistical Analyses

All experiments had two replicates and two parallels (n=4).
All statistical analyses were performed with the SPSS statis-
tical package program (IBM SPSS Statistics Version 22;
USA) by ANOVA variance analysis. The significance levels
of P <0.05 were used for statistical differences. Duncan Tests
established the significant difference between the means.

Results and Discussion

Physico-chemical properties such as titratable acidity and pH
were determined to evaluate the results of microbiological
tests, as shown in Table 1. The results of titratable acidity
analyses ranged from 0.005-0.020% (anhydrous citric acid
%). The highest titratable acidity was shown in sample 9.
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Sample 9 was significantly different (P<0.05). The samples'
lowest and highest pH values were 6.82 and 7.54. The pH
values of the mushroom were similar (P>0.05). The pH val-
ues correlated with the titratable acidity values. The food has
been classified depending on the pH value. Low-acid foods
have a pH greater than 5.7, meaning they contain low
amounts of acid (Temiz, 1999). The average value of the pH
was 7.18 for mushroom samples. So, the mushroom samples
can be considered as low-acid foods.

Table 1. Physico-chemical properties of wild edible mush-
room*

Titratable acidity (TA)

Sample PH (anhydrous citric acid %)

1 7.08 £0.012bcde 0.008 +£0.001
2 6.96 +£0.282 0.006 +£0.003?
3 6.97 +£0.20°0° 0.009 +0.000%
4 7.28 £0.06%fen 0.009 +0.000%
5 7.33 £0.01°" 0.009 +0.001%
6 7.23 £0.08°¢fe 0.008 £0.002
7 7.34 £0.01°" 0.005 +0.0012
8 7.39+0.130 0.007 +0.001?
9 6.82 +0.24 0.020 +0.006¢
10 7.19 +0.1 1bedefe 0.009 +0.0022°
11 7.02 £0.03%¢ 0.007 +£0.0012
12 7.15 +0.00Pedef 0.008 +0.0002°
13 7.01 £0.04%b¢ 0.012 £0.001¢<
14 6.97 +0.022b¢ 0.013 +0.001¢
15 7.54 +£0.01" 0.005 +0.0012
16 7.12 +0.10bcde 0.008 +0.0002°
17 7.44 +0.048 0.005 +0.0008
18 7.44 +0.08¢" 0.006 +0.000?
19 7.11 £0.01bcde 0.014 +0.001¢
20 7.19 +0.09bedefe 0.008 +0.0012°

*n=4, (x standard deviation), Significant difference was detected

between the values in the column (p<0.05).

It has been established that most microorganisms grow best
at pH values around 7.0 (6.6-7.5) (Jay, 2000). The results of
titratable acidity and pH of the samples are very favourable
for the growth of numerous microbial species can be expected
(Roberts et al., 2005). The analyses of TMAB, LAB, total
yeast, total mould, S. aureus, total coliform, faecal coliform,
and E. coli were performed to determine the initial microflora
of mushroom samples.
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Ordinary healthy mushrooms have high bacterial popula-
tions. The results of enumeration of TMAB ranged between
4.13 and 8.83 log CFU/g (Table 2). Similarly, total bacterial
numbers ranged from 6.3 to 7.2 log CFU/g of fresh mush-
room tissue, as demonstrated by Chikthimmah and Beelman,
2006. According to Venturini et al. (2011), TMAB counts of
wild edible mushrooms from Spain were between 4.4 log
CFU/g and 9.4 log CFU/g. TMAB values were presented be-
tween 6.8 and 9.2 log CFU/g for eight wild edible mushrooms
from Tiirkiye (Ergoniil et al., 2018). Three cultivated mush-
room species were analysed, and their mesophilic aerobic
counts were expressed as 4.87, 5.00, and 7.92 log CFU/g
(Reyes et al., 2004).

LAB was present in relatively low numbers compared to the
TMAB, with <1.00- 5.57 log CFU/g range results. The high-
est enumeration of LAB was determined in sample 3, and the
lowest one was in sample 2 and sample 12 (Table 2). LAB
counts of mushroom samples were investigated between 1.4
and 2.4 log CFU/g (Ergoniil et al., 2018). The mean value of
LAB was reported as 2.1 log CFU/g by Venturini et al.
(2011). The average result of this study was higher. It came
out as 3.70 log CFU/g. In another study, Lactobacillus sp. and
Pediococcus sp. were isolated from fresh mushrooms. How-
ever, the enumeration was not declared (Halami et al., 1999).

S. aureus produces a staphylococcal enterotoxin that is ex-
tremely thermotolerant, which means it can survive the cook-
ing process (Grispoldi et al., 2021). Detectable enumeration
of S. aureus cells was not observed in most mushroom sam-
ples except sample 11 (Table 2). No significant differences
(P>0.05) were detected in the samples (except sample 11).
Venturini et al. (2011) and Ergonil et al. (2018) stated that S.
aureus was not isolated in any of the samples examined.

Mushrooms also contain significant levels of yeasts and
moulds. The count of yeast was established to be between
3.10 log CFU/g and 7.76 log CFU/g. The mould values of
fresh mushrooms were determined as <1.00 and 3.93 log
CFU/g (Table 2). Chikthimmah and Beelman (2006) showed
that freshly harvested mushroom samples had approximately
3 log CFU of moulds and 6 log CFU of yeast per gram. Alt-
hough the yeast population increased to 6.9 log CFU/g,
mould counts were stable after 6 days of storage at 4°C. The
total count of yeast and mould samples was higher than the
previous study of Ergoniil et al. (2018), who determined it to
be between 1.9 and 3.3 log CFU/g. The yeast and mould re-
sults of mushroom samples determined by Venturini et al.
(2011) were also lower than those indicated in the present
study.
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Table 2. Microbiological properties of wild edible mushroom

Total Count Total Count

TMAB LAB S. aureus Total Coliform Faecal Coliform

Sample log CFU/g log CFU/g log CFU/g l(()); ‘C(Iejg/tg 100; ?;S:g log MPN/g log MPN/g
1 8.55+0.179¢  3.31+0.05° <1.00+0.00* 5.17 +£0.19% 3.93 £0.13" 3.90 £0.39° 3.90 +0.39¢
2 7.50 £0.09*¢  <1.00£0.00* <1.00+£0.00* 3.40+£0.22%  3.52 +£0.11¢°% <0.30 £0.00? <0.30 £0.00?
3 6.10 £0.06* 5.57+0.11" <1.00+0.00*  3.10 +0.14* 3.18 £0.10% 2.80 +£0.24¢ <0.30 +0.00?
4 7.96 £0.04%% 4,67 £0.22°%  <1.00 £0.00°  4.60 £0.24%" 3,36 £0.]12°dt 2.20 £0.23% 1.76 £0.29°
5 8.01 £0.24°® 444 £0.15°" <1.00+0.00° 3.61 £0.42% 3,15 +0.14* <0.30 +0.00? <0.30 +0.00?
6 7.22 £0.27° 5.22£0.05"  <1.00+0.00* 4.02 £0.60°¢  <1.00 £0.00? 3.07 £0.15% 1.56 £0.00°
7 7.29 £0.28*  3.49+0.07° <1.00+0.00®° 3.40 £0.17®®  3.29 £0.14° <0.30 +0.00? <0.30 +0.00?
8 8.83£0.32F  4.75+0.24%  <1.00£0.00*  5.45 +0.042 3.23 +£0.11% 1.96 +£0.00* 1.76 £0.29°
9 8.15+0.16%" 391 +0.11° <1.00+0.00° 4.75+0.18  3.73 £0.10" 2.80 £0.24¢ <0.30 +0.00?
10 7.89 £0.13°F  <1.00 £0.00* <1.00£0.00*  7.23 £0.17"  3.33 +£0.17°% 2.20 £0.23% 1.76 £0.29°
11 8.31 £0.028" 4,97 £0.43% 474035 4.57 £0.38%" 3,60 +0.15% 5.07 £1.26# 5.07 £1.26¢
12 8.78 £0.01  <1.00£0.00* <1.00+0.00° 3.52+0.19% 3.35+0.08%f  <0.30 £0.00? <0.30 +0.00?
13 7.38 £0.01%¢  3.41£0.09* <1.00+0.00*  3.12 +0.06 3.02 £0.08° 2.20 £0.23%¢ <0.30 +0.00?
14 8.30+0.132"  4.43+0.13°" <1.00+0.00° 4.19 £0.41°%  3.22 +0.06" 2.20 £0.23% 1.76 £0.29°
15 7.69 £0.15% 4,10 £0.09% <1.00 £0.00*° 4.10£0.53%%¢  <1.00 £0.00? 3.07 £0.15% <0.30 £0.00°
16 4.13 £0.22°% 4,73 £0.05°®  <1.00 £0.00* 4.54 £0.41%" 326 +0.15> 2.50 £0.19°¢ <0.30 +0.00?
17 7.37 £0.20%¢ 4,07 £0.11¢  <1.00£0.00* 4.32£0.21%  3.34 £0.02°% 2.20 £0.23%¢ 1.56 £0.00°
18 8.07 £0.07%"  4.48 £0.04°" <1.00+0.00° 5.58 £0.08%  3.47 £0.07%f 3.07 £0.15% 2.00 £0.06°
19 8.25£0.09%" 439 +0.08% <1.00+0.00° 4.36+0.21%  3.53 £0.05° 3.80 £0.24°f <0.30 +0.00?
20 8.43 +£0.09"  4.10+0.07°¢ <1.00+0.00° 7.76 £0.34"  <1.00 £0.00? 2.00 £0.06 <0.30 +0.00?

n=4, (£ standard deviation), Significant difference was detected between the values in the column (p<0.05).

Since coliform bacteria are common in both the intestines and
nature (soil, plants, etc.), they are considered indicators of
sanitation in the food industry. High levels of coliform mi-
croorganisms in food indicate that the required hygienic
measures have not been taken during or after harvesting, stor-
age, and sale (Frazier and Westhoff, 1988; Jay, 2000). Total
coliform counts of the samples were obtained between 0.30
and 5.07 log MPN/g (Table 2). 80% of the mushroom sam-
ples were harbouring total coliform. "Faecal coliform" within
the coliform group, located in the natural flora of the intestine
system of humans and warm-blooded animals, is considered
an indicator of faecal contamination. It is known that most
bacteria identified as faecal coliforms in the coliform group
are E. coli. The presence of E. coli and/or faecal coliform bac-
teria in any sample implies that the sample is directly or indi-
rectly contaminated with faeces and may contain other intes-
tinal pathogens. For this reason, E. coli and faecal coliforms
are not allowed in any foodstuff, drinking, and/or utility water
(Khan and Gupta, 2020; Schalli et al., 2022). The faecal col-
iform was found in 45% of the tested samples. Faecal coli-
forms were not detected in samples 2, 3, 5, 7, 9, 12, 13, 15,

16, 19 and 20 (Table 2). The highest results were in sample
11 for both total and faecal coliform. Similarly, eight wild
edible mushrooms were tested for total coliform and men-
tioned 0.3-1.4 log CFU/g in four samples (50%) (Ergoniil et
al., 2018). In another study, coliform bacteria were detected
in 23.4% of the tested mushroom samples (Venturini et al.,
2011). Based on confirmation and identification tests, £. coli
Biotype I was found in 35% of the tested samples (1, 4, 6, 8,
11, 17, and 18) and Enterobacter aerogenes in only one sam-
ple (sample 10). The environment of mushrooms, especially
those grown in natural ecosystems, makes them vulnerable to
pathogens since this can be excreted in the faeces of animals
and insects and transmitted to the ascocarps.

Conclusion

Unlike fruits and vegetables (whole or minimally processed),
information on the microbial quality of fresh mushrooms is
minimal, especially for commercial wild mushroom samples.
As in other studies, the fresh mushroom species tested in this
study were characterised by a high microbial load. Fresh
mushrooms favour growing microorganisms due to their high
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moisture character with carbohydrates, protein, vitamins, and
minerals. From the standpoint of nutrients, fresh mushrooms
are capable of causing quality degradation and spoilage.

Soil, water, air, insects, and animals impact the microbial
flora of fresh mushrooms. The high count of bacteria dimin-
ishes microbial quality. The initial microbial load can affect
the deterioration during postharvest. Picked fresh wild edible
mushrooms may be placed into bags, boxes, or crates without
washing. When harvesting, personal hygiene must be prac-
tised by pickers to prevent the transfer of human pathogens.
Notably, pathogens such as faecal coliform and E. coli in
mushrooms indicate that proper hygiene and sanitation rules
weren’t followed during picking, transportation, retailing and
storage. Mushrooms can be contaminated with these micro-
organisms in nature, too. During storage, the fingers and
shoes of people handling the mushrooms, their baskets, and
knives can contaminate them. So, in general, the microbio-
logical quality of the mushrooms sold in Mugla province is
poor and threatens human health. The determination of yeast
and mould, the presence of mycotoxin, and other existence of
enteropathogens will be investigated in further studies.

Compliance with Ethical Standards

Conflict of interests: The author(s) declares that for this article,
they have no actual, potential, or perceived conflict of interest.

Ethics committee approval: Authors declare that this study in-
cludes no experiments with human or animal subjects.

Data availability: Data will be made available on request.
Funding: -
Acknowledgments: -

Disclosure: -

References

Adanacioglu, N., Tan, A., Karabak, S., Guzelsoy, N.,
Ayas, F., Aykas, L., Taylan, T. (2017). Economically sig-
nificant wild mushroom saffron milk cap [Lactarius deli-
ciosus (L.) Gray] of Aegean Region, Turkey. Anadolu, 27(2),
91-96.

All, H. (2022). Mugla Sitki Kog¢man Universitesi
kampiisiinde yetisen makromantarlar. Mantar dergisi, 13(2),
96-104.

Research Article

All, H., Isiloglu, M., Solak, M.H. (2006). Aydin ydresinin
yenen mantarlari. Selcuk Universitesi Fen - FEdebiyat
Fakiiltesi Fen Dergisi, 28, 83-92.

Altuntas, D., All, H., Kaplaner, E., Oztiirk, M. (2016).
Bazi1 Lactarius tiirlerinin yag asidi bilesenlerinin ve mak-
robesinsel 6zelliklerinin belirlenmesi. Tiirk Tarim - Gida Bi-
lim ve Teknoloji dergisi, 4(3), 216-220.
https://doi.org/10.24925/turjaf.v4i3.216-220.597

AOAC (1995). Official Methods of Analyses, pH of acidified
foods method, method no. 981.12. In 16th Ed. Association of
Official Analytical Chemists, Washington, D.C.

Avel, E., Avci, G.A. (2019). Antimicrobial and antioxidant
activities of medicinally important Lactarius deliciosus. In-
ternational Journal of Medical Science and Dental Research,

2(6), 49-55.

Boa, E. (2004). Non-Wood Forest Product. Wild edible
fungi: A global overview of their use and importance to peo-
ple. Food And Agriculture Organization of The United Na-
tions, pp. 158. ISBN: 92-5-105157-7

Chikthimmah, N., Beelman, R.B. (2006). Microbial spoil-
age of fresh mushrooms. In Microbiology of fruits and vege-
tables; Sapers, G.M., Gorny, J. R., Yousef, A.E. Ed.; CRC
Press, USA., pp. 135-158. ISBN: 0-8493-2261-8
https://doi.org/10.1201/9781420038934.ch6

Cmar Yilmaz, H., Isiloglu, M. (2016). Some Lactarius spe-
cies from the Aegen region of Turkey. Mugla Journal of Sci-
ence and Technology, Special Issue, 19-20.

Diilger, B., Sen, F. Giicin, F. (1999). Russula delica Fr. mak-
rofungusunun antimikrobiyal aktivitesi. Turkish Journal of
Biology, 23(1), 127-133.

Erdogan, S., Soylu, M.K., Baser, K.H.C. (2017). Baz1
yabani mantarlarin antioksidan 6zellikleri. Nevsehir Bilim ve
Teknoloji Dergisi, 6, 254-260.
https://doi.org/10.17100/nevbiltek.334595

Ergoniil, B., Kalyoncu, F., Akata, 1. (2018). Microbiologi-
cal quality of eight wild edible mushroom species from Tur-
key. Celal Bayar University Journal of Science, 14(4), 461-
463.

https://doi.org/10.18466/cbayarfbe.455754



https://doi.org/10.24925/turjaf.v4i3.216-220.597
https://doi.org/10.1201/9781420038934.ch6
https://doi.org/10.17100/nevbiltek.334595
https://doi.org/10.18466/cbayarfbe.455754

Research Article

Food Health 9(4), 323-330 (2023) e https://doi.org/10.3153/FH23029

FDA-BAM online (2017). Yeasts, Molds and Mycotoxins.
In “FDA’s Bacteriological Analytical Manual, Edition 8§,
Chapter 18, https:/www.fda.gov/food/laboratory-methods-

food/bam-chapter-18-yeasts-molds-and-mycotoxins (ac-
cessed 21.04.2021)

FDA-BAM online (2019). Staphylococcus aureus. In
“FDA’s Bacteriological Analytical Manual” 8th Edition, Re-
vision A, Chapter 12.
https://www.fda.gov/food/laboratory-methods-food/bam-
chapter-12-staphylococcus-aureus (accessed 21.04.2021)

FDA-BAM online (2020a). Aerobic Plate Count. In “FDA’s
Bacteriological Analytical Manual, Edition 8, Chapter 3,
https://www.fda.gov/food/laboratory-methods-food/bam-
chapter-3-aerobic-plate-count (accessed 21.04.2021)

FDA-BAM online (2020b). Enumeration of Escherichia coli
and the Coliform Bacteria. In “FDA’s Bacteriological Ana-
lytical Manual, Edition 8, Chapter 4, Revision A.
https://www.fda.gov/food/laboratory-methods-food/bam-
chapter-4-enumeration-escherichia-coli-and-coliform-bacte-
ria (accessed 21.04.2021)

Frazier W.C., Westhoff D.C. (1988). Food microbiology.
McGraw Hill Education Inc., pp. 523. ISBN: 9781259062513

Grispoldi, L., Karama, M., Armani, A., Hadjicharalam-
bous, C., Cenci-Goga, B.T. (2021). Staphylococcus aureus
enterotoxin in food of animal origin and staphylococcal food
poisoning risk assessment from farm to table. ltalian Journal
of Animal Science, 20(1), 677-690.
https://doi.org/10.1080/1828051X.2020.1871428

Halami, P.M., Chandrashekar, A., Joseph, R. (1999).
Characterization of bacteriocinogenic strains of lactic acid
bacteria in fowl and fish intestines and mushroom. Food Bi-
otechnology, 13, 121-136.
https://doi.org/10.1080/08905439909549966

ISO 15214:1998 (1998). International Organization for
Standardization, Microbiology of food and animal feding
stuffs - Horizontal method for the enumeration of mesophilic
lactic acid bacteria-colony count technique at 30°C, ISO
15214:1998, Switzerland.

Jay, J.M. (2000). Modern Food Microbiology. Aspen Pub-
lishers, pp. 625. ISBN: 0-8342-1671-X
https://doi.org/10.1007/978-1-4615-4427-2

Karasiileymanoglu, K.S. (2014). Aydin ydresinden
toplanan Lactarius cinsine ait tiirlerin morfolojik ve
molekiiler tanis1 (Master's thesis). Adnan Menderes Univer-
sity, Graduate School of Natural and Applied Sciences, De-
partment of Biology, Aydm, Tiirkiye.

Khan, F.M., Gupta, R. (2020). Escherichia coli (E. coli) as
an indicator of fecal contamination in groundwater: A review.
In Sustainable Development of Water and Environment;
Jeon, H.Y., Eds; ICSDWE 2020, Environmental Science and
Engineering: Springer, Cham, Switzerland. pp 225-235.
ISBN:978-3-030-45263-6
https://doi.org/10.1007/978-3-030-45263-6_21

Peksen, A., Kibar, B., Yakupoglu, G. (2007). Yenilebilir
bazi Lactarius tiirlerinin morfolojik 6zelliklerinin, protein ve
mineral igeriklerinin belirlenmesi. Anadolu Tarim Bilimleri
Dergisi, 22(3), 301-305.

Reyes, J.E., Venturini, M.E., Oria, R., Blanco, D. (2004).
Prevalence of Ewingella americana in retail fresh cultivated
mushrooms (Agaricus bisporus, Lentinula edodes and Pleu-
rotus ostreatus) in Zaragoza (Spain). Federation of Euro-
pean Microbiological Societies Microbiology Ecol-
ogy, 47(3), 291-296.
https://doi.org/10.1016/S0168-6496(03)00283-6

Roberts, T.A., Pitt, J.I., Cordier, J., Gram, L., Tompkin,
R.B. (2005). Microbiology of foods. Kluwer Academic/Ple-
num Publishers, pp. 737. ISBN: 0-306-48675-X

Schalli, M., Inwinkl, S.M., Platzer, S., Baumert, R., Rein-
thaler, F.F., Ofner-Kopeinig, P., Haas, D. (2022).
Cefsulodin and vancomycin: a supplement for chromogenic
coliform agar for detection of Escherichia coli and coliform
bacteria from different water sources. Microorganisms,
10(12), 2499, 1-13.
https://doi.org/10.3390/microorganisms10122499

Temiz, A. (1999). Gida Mikrobiyolojisi. Mengi Basimevi,
pp- 598. ISBN: 9754833834

Venturini, M.E., Reyes, J.E., Rivera, C.S., Oria, R.,
Blanco, D. (2011). Microbiological quality and safety of
fresh cultivated and wild mushrooms commercialized in
Spain. Food Microbiology, 28(8), 1492-1498.
https://doi.org/10.1016/].fm.2011.08.007

Xu, Z., Fu, L., Feng, S., Yuan, M., Huang, Y., Liao, J.,
Zhou, L., Yang, H., Ding, C. (2019). Chemical composition,

329


https://www.fda.gov/food/laboratory-methods-food/bam-chapter-18-yeasts-molds-and-mycotoxins
https://www.fda.gov/food/laboratory-methods-food/bam-chapter-18-yeasts-molds-and-mycotoxins
https://www.fda.gov/food/laboratory-methods-food/bam-chapter-12-staphylococcus-aureus
https://www.fda.gov/food/laboratory-methods-food/bam-chapter-12-staphylococcus-aureus
https://www.fda.gov/food/laboratory-methods-food/bam-chapter-3-aerobic-plate-count
https://www.fda.gov/food/laboratory-methods-food/bam-chapter-3-aerobic-plate-count
https://www.fda.gov/food/laboratory-methods-food/bam-chapter-4-enumeration-escherichia-coli-and-coliform-bacteria
https://www.fda.gov/food/laboratory-methods-food/bam-chapter-4-enumeration-escherichia-coli-and-coliform-bacteria
https://www.fda.gov/food/laboratory-methods-food/bam-chapter-4-enumeration-escherichia-coli-and-coliform-bacteria
https://doi.org/10.1080/1828051X.2020.1871428
https://doi.org/10.1080/08905439909549966
https://doi.org/10.1007/978-1-4615-4427-2
https://doi.org/10.1007/978-3-030-45263-6_21
https://doi.org/10.1016/S0168-6496(03)00283-6
https://doi.org/10.3390/microorganisms10122499
https://doi.org/10.1016/j.fm.2011.08.007

330

Food Health 9(4), 323-330 (2023) e https://doi.org/10.3153/FH23029 Research Article

antioxidant and antihyperglycemic activities of the wild Lac-
tarius deliciosus from China. Molecules, 24(7), 1357.
https://doi.org/10.3390/molecules24071357

Yilmaz, H. C., Bengii, A.S. (2018). The investigation of fatty

acids and mineral profiles of some edible Lactarius species
(L. Delicious, L. Deterrimus, L. Salmonicolor, L. San-
guifluus, L. Semisanguifluus) in the Usak/Turkey province of
Aegean Region. Biological Diversity and Conversation, 11,
1-95.


https://doi.org/10.3390/molecules24071357

	Microbiological quality of some fresh wild edible mushrooms
	Introduction
	Materials and Methods
	Materials
	Methods
	Physicochemical Analyses
	Microbiological Analyses
	Statistical Analyses


	Results and Discussion
	Conclusion
	References


